SUMMARY: A strain of influenza virus A which produced abundant filaments was more efficient in agglutinating red cells than non-filamentous strains. This was shown by counts of the number of particles (i.e. filaments and spheres)/agglutinating dose ; the ratios found were 106*6 for the filamentous, and for the non-filamentous strains. The increased efficiency of agglutination was shown by filtration experiments to be due to the filaments. There was no corresponding increase in the efficiency of initiating infection. Treatment of a filamentous preparation with ultrasonic vibrations caused breakdown of the filaments, an increase in agglutination titre but no change in the infectivity titre.
In a recent study of counts of influenza virus particles by electron microscopy it was found that for four strains of virus examined there was an average of virus particles/agglutinating dose, as defined below . One strain gave a figure of in two different experiments, however, and it was noticed that these two preparations contained a number of filamentous forms of virus. The possibility was considered, therefore, that virus filaments might show different agglutinating or infective behaviour from spherical forms. This possibility was investigated with a strain of influenza virus, A/Persian Gulf/2/52, known to produce many filamentous forms. This paper reports the results of our investigation.
MATERIALS AND METHODS
The techniques for counting and biological assay of influenza virus described in an earlier paper were used with only a few modifications.
Technique of counting. Previously two techniques were employed-a spray technique and counts of the number of particles adsorbed on fowl red cell ghosts; these two techniques gave essentially the same results. The spray technique was unsuitable for the present experiments, however, since virus filaments were not found in sprayed materials. The red cell technique was therefore used alone. For purposes of counting each filament was counted as a single particle. A magnetostriction generator was used for the 6 kc. tests. Because of the low power output of this machine, fluids were contained in tubes with polythene bases.
RESULTS
The strain of virus used in these experiments produces large numbers of filamentous forms during its growth in the allantoic cavity of the chick embryo. The appearance on electron microscopy is illustrated in P1. 1, fig. 1 . Counts were made of the number of filaments +spheres in different preparations; the counts were related in each case to the agglutination titre of the corresponding preparation. The results of a number of experiments are shown in Table 1; they are expressed as the ratio of particles counted (i.e. particles =filaments + spheres)/agglutinating dose. For comparison, the results of counts of nonfilamentous strains are shown. Ratio (log,,) of particles to an agglutinating dose Filamentous strain (A/ 6-4, 6.7, 6.5, 6.6, 6.6, 6.6, 6.6, 6.7, 6.5, 6-6, 6.6, 6-5, 6-5, 6-6, 6.6, 6.6 Non-filamentous strains 7.3, 7 4 , 7.2, 7.1, 7.3, 7-1, 7-3, 7.1, 6-9, 7.3, 7.3, 7.2, 7.8, 7.2, 7.2 Mean ratio for filamentous strain 6-6 f 0.08 Mean ratio for non-filamentous strains 7.2 &-0-13 Difference 0.6 f 0.15 t=15.9; m=29; p<O*OO1 It is clear that A/Persian Gulf/2/52 gives a significantly lower ratio of particles/agglutinating dose than strains without filaments. These results show that agglutination is a more efficient process, i.e. fewer particles are required to cause a standard amount of agglutination in A/Persian Gulf/2/52 than in the other strains. By themselves, the results do not, however, allow us to conclude whether it is the filaments which are responsible for the increased efficiency of agglutination, rather than a strain peculiarity of another sort. To answer this question two types of experiment were undertaken ; filtration was successful but centrifugation unsuccessful in separating filaments from elementary bodies.
Filtration ezperiments
Allantoic fluid from eggs infected with A/Persian Gulf/2/52 virus was filtered through collodion membranes of average pore diameter ( A.P.D.) about 0.7,~. Filtration usually resulted in a loss of about 75-90 yo of the virus haemagglutinin and filtrates contained no long filamentous forms but only spheres and short rods (Pl. 1, fig. 2 ). Counts were made of number of particles/ agglutinating dose in filtrates and the results compared with the same materials before filtration. The results are shown in Table 2 . It is clear that the ratio for filtrates is significantly higher than the ratio for the unfiltered fluids. We conclude therefore that the increased efficiency of agglutination shown by this strain of virus is due to its filamentous forms. Ratio (log,,) of particles to an 6.6, 6.5, 6.6, 6.5, 6.5, 6.6, 6.6, 6.6 7.0, 7.0, 6.9, 7.0, 7.0, 6.9, 7.1, 6.9
Mean ratio for allantoic fluid 6.6+0. 06 Mean ratio for filtrate 7-0 f 0.07 Difference 0.4 f 0.1 t = l l . 4 ; n = 7 ; p = <0. 001 
Centrifugation experiments
The filaments were readily sedimented by low-speed centrifugation, 1500 g for 15 min. The deposits after centrifugation always contained many spherical forms in addition to filaments ; however, we do not know whether these. spheres are carried down on larger particles or result from breaking of the filaments during centrifugation and re-suspension of the deposit. Nevertheless deposits usually contained a slightly higher proportion of filaments to spheres than the original fluids ; in one experiment the proportion of filaments rose from 33-75 %.
Electron micrographs of the supernatant and deposit obtained after centrifugation for 15 min. a t 1500 g are shown in P1. 2, figs. 3 and 4. Counts of the ratio of particleslagglutinating dose in the supernatants and deposits are shown in Table 3 . The supernatants gave slightly higher ratios but the difference between the two is not statistically significant. Deposit after centrifugation 6.8 6.6 6.6 6.5 6.7
Mean ratio for supernatant 6.8 f 0.2 Mean ratio for deposit 6-6 & 0-1 Difference 0.2 f 0.25 t=2.4; n = 4 ; 0-1>p>0. 05 Eflect of ultrasonics on influenza virus filaments It was of interest to see what effect breaking influenza virus filaments would have on the agglutination titre and on the ratio of particles to an agglutinating dose. Accordingly treatment with ultrasonics was carried out using 3-min. treatments at 6 kc. and 350 kc.
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Treatment at 6 kc. produced a rise in the agglutination titre of A/Persian Gulf/2/52 virus of 2-to 4-fold. The deposit after centrifugation at 1500 g for 15 min. showed a similar rise in titre after ultrasonic treatment but filtrates through 0.7,~. A.P.D. membranes showed no rise in titre. Treatment at 350 kc. produced a 2-to 6-5-fold rise in agglutinin titre with A/Persian Gulf/2/52 virus. Non-filamentous strains, e.g. P.R. 8 or N.W.S. or a filtrate of A/Persian Gulf/ 2/52 tested at the same time, showed no significant changes in agglutinin titre. Results of some representative experiments illustrating these points are shown in Table 4 . The appearances found after treatment with ultrasonics are shown in PI. 2, figs. 5 and 6. It will be seen that most of the larger filaments had broken up into rods and spheres. No significant changes in the ratio of particles to an agglutinating dose were found after treatment at 6 kc. At 350 kc. it appeared that quite a considerable rise in ratio occurred, but as can be seen from inspection of P1. 2, fig. 6 , it is often extremely difficult to decide which particles to count owing to the debris present. This question was therefore not investigated further.
The relative infectivity of virus filaments and spherical forms
It was found on examining strains containing mainly spheres that the average ratio of particles to an agglutinating dose was the average ratio of infective doses (I.D. 50) to an agglutinating dose was and hence that roughly 10 virus particles corresponded to one I.D. 50 dose. Since filaments were more efficient agglutinating agents than spheres it was of interest to see whether they were also more efficient infective agents. It was surprising to h d , however, that A/Persian Gulf/2/52 gave a significantly lower ratio of I.D. 50 to an agglutinating dose than did other strains we have examined, and that the ratio of particles to an I.D. 50 with this strain was again about 10.
In order to measure the contribution of the virus filaments to the infectivity of a preparation of virus it was necessary to be able to separate filaments from spheres efficiently. By filtration it has been possible to obtain spheres free of filaments but we have not been able to obtain a preparation of filaments free of spheres. The infectivity titres of preparations of freshly harvested allantoic fluid, filtrate and deposit after light centrifugation were measured and at the same time the agglutination titres, fraction of filaments to total particles expressed as a percentage, and total particle counts were noted. From these findings it was possible to calculate the ratio I.D. 50 doses/agglutinating dose, particleslagglutinating dose, and particles/I.D. 50 dose for preparations containing different proportions of filaments to elementary bodies. The results are shown in Table 5 . The variations found in the ratios of particles/I.D. 50 dose for allantoic fluid, filtrate or deposit after centrifugation in different experiments, showed no consistent trends. The present techniques do not therefore show any differences in the relative infectivity of virus filaments and spheres. ---4-9 5.8 5.6 5.4 5.3 5.5 5.5 5.9 5.5 5.6 4.8 5.6 5.9 5.3 5-2 6.6 6.5 6.6 6.6 6.6 6.9 7.0 6.9 7.1 6.9 6.6 6.5 6.6 6.5 6. 
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Effect of ultrasonics on the infectivity of $filamentous preparations of injlzcenxa virus A number of experiments was carried out to test the effect of ultrasonic treatment at 6 kc. and 350 kc. on the infectivity of A/Persian Gulf/2/52 virus. Invariably there was no significant change in infectivity titre following treatment with ultrasonic vibrations. Thus in one experiment the haemagglutinin titre rose after treatment at 350 kc. from 1600 to 10,240 but the infectivity titre (titrated twice) remained unchanged. Ultrasonic treatment of a nonfilamentous strain under similar conditions (350 kc.) produced no change in infectivity.
DISCUSSION
These experiments show that the ratio of particles to an agglutinating dose is about 0-6 log unit higher for a filamentous than for a non-filamentous strain of influenza virus. If we take into account the fact that the filamentous strains contained on the average about 50% filaments and 50 yo spherical forms we H . B. Donald and A . Isaacs can conclude that a virus filament is, on the average, about 7 or 8 times more efficient than a sphere in producing agglutination in the pattern test. It is interesting to note therefore that it was possible to increase the agglutinin titre of a filamentous preparation up to 6.5 times by treatment with ultrasonic vibrations at 350 kc. Thus on ultrasonic treatment 20-40 agglutinating units, on the average, appear to have been produced for each filament; this figure is necessary to account for the decrease in the efficiency of agglutination and the rise in agglutinin titre which occurred.
Filamentous forms of influenza virus were first noted by Mosley & Wyckoff (1946) . Chu, Dawson & Elford (1949) found that recently-isolated strains of influenza virus A frequently showed long filamentous forms and they demonstrated that the filaments possessed many of the properties of influenza virus elementary bodies. Hoyle (1950) made dark field microscopic observations which led him to conclude that protrusions of the allantoic cells occur in normal and in infected membranes and that the protrusions in the infected membranes contain virus material. Wyckoff (1951) examined by electron microscopy ultra-thin sections through cells which were apparently excreting influenza virus filaments; he found that the contents of the filaments were continuous with those of the cell cytoplasm. Murphy, Karzon & Bang (1950) and Wyckoff (1951) suggests that, during the growth of most strains of influenza virus A, filaments are formed first and later break down to give spherical forms, but that in many recently isolated strains, such as A/Persian Gulf/2/52, this last process is slowed down. The results of our experiments with ultrasonic treatment of a filamentous virus strain suggest that natural breakdown of filaments to spheres would cause a rise in haemagglutinin titre. A rise in haemagglutinin titre as a result of natural breakdown of filaments might be accompanied either by no change in infectivity titre or by a corresponding rise in infectivity. A rise in infectivity paralleling a rise in agglutination titre would mean that filaments and spheres would show about the same ratio of I.D. 50 doses to an agglutinating dose. So far as can be seen from our experiments filtrates of A/Persian Gulf/2/52 virus show a ratio of I.D. 50 doses to an agglutinating dose which is about equal to that of preparations of this strain containing abundant filaments. If the spheres are in fact normally derived from breakdown of the filaments, our results would suggest that a filament with a probability of about 1 in 10 of initiating infection in the allantoic cavity is naturally broken down into a number of spherical forms each with a probability of about 1 in 10. Hence a virus filament has a greater efficiency than a sphere in agglutinating red cells but this is unaccompanied by any increased efficiency in initiating infection.
In our experiments with ultrasonic vibrations of a filamentous strain the rise in agglutinin titre was unaccompanied by any change in infectivity. We might suppose that a rise in infectivity was masked by a corresponding drop due to virus inactivation, but there is no support for this suggestion from similar experiments with a non-filamentous strain in which no virus inactivation occurred. We are left with the belief that natural breakdown of filaments 
